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(54) Title: STATISTICALLY ROBUST TOAFFIC MODELING METHOD AND APPARATUS 
(57) Abstract 

A method and apparatus for controlling conununication channel access in a com- 
municatim system (10) determines channel allocations (106) which represent limits on 
communication channel access and conforms operations of the system (10) to the channel 
allocations (106). The channel allocations are determined by dividing a surfoce which em- 
anates signals from communication units (26) into elemental areas, collecting past tiafXic 
data (102) describing past cmnmunication channel usage by the communication units (26) 
located in the elemental areas, gienerating a tiafiic model (104) for a fiiuire time mterval 
based on the past traffic data, and determining the channel allocations (106) based on die 
traffic model. 
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STATKSIICALLY ROBUST TOASMC MODEUNO MEIHOD AMD AEPARATUS 
5 Ha© pgggBitt Miivegaifiiffia getetes s^smsHy to edlttlag ooaamiimicatfom syseems aad, 

tsmMc"^ is d@i5E@d Ihesism sis da^ (odgmasmg &Qm osie or mosns commmkat^B dsviess 

^smmimksisiosis sysK@m is limi^ bsssme & ISm^ q widty of sissomidss (©.g., 

15 dmded ©se@s^ stos^ iE a ^EsMi^ b&£il@sy» or chaxmel capaciey of a radio Eiak) ©sdsEs 
mtMsi my GommmicadoiB syst@s2Qu Goo^spoMisigly, th@ Biombsr of SBibscrib^ who 
my Si60@ssi!fa@aramxi3ssicatioffl When sabscsibsr 

mM^ @sse@@ds ahe eapad^f of ^ ooEnessimixcadogi sy seem, sosxse ssab^bsss wiffl b@ 
desaied &co@ss. I^isemdemaSofaocessisllikdytoHesidtsnB^^ 

20 hk my Bystsm mih finite s@80uss©s, nnsmageooent of ih@ syssem stssoisirces is 

desifsible to pswide bssser sys^ g^osaBsance (@.g.« mose subscsibsr ssaffic-caxsyins 
GapadQf ) ibm if sesousoe masiagemsnt ^^^ese not pgsf osmed a£ alL 

Timor m ponsnd-based (nosi-oeUiiar) commiimicaidosi systems (©.g., a telephone 
nemo±) generally eon^ communicadon nodes (e.g., telephones or radios) otiliaed 

25 by subssribsrs, a cenffial oon«sol facility which saanages overall opemion of she system, 
and disMbmtion devices which control sebscriber traffic based on ins^ctions from the 
central control faciltty. One function of the centsal control facility m^y be to control 
the amonnt of siab^raber traMc throisgh the system. IMor art distribution management 
may be done in a s^active manner (ie., ^e control feciiity adjusts assigmnent 

30 instructions in real-time by reacting to actual quantities of subscriber traf^), or it may 
be done in a p^^ctive manner (ie., the control &cility predicts Mme quantities of 
subscriber traiSic, and instructs distribution devices to control fiituro subscriber traMc 
based on the prediction). 

Fdor art ground-based oellular communication systems also contain 

35 communicatim nodes (e.g., cellular telephones), distribution devices, and a central 
control facility. However, centrd control ftcilities for prior art ground-based cellular 
communications systems do not manage subscriber traffic in a prodictive manner. 
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SUasnTUTE SHEET (RULE 26) 

f 



mmmMCTioariom Kssige of d&@ pastiato disoibmoon device. 

Dteritasioini devtes gissocfefisd saagffiii&'bssed ©©111x1®? ©ommBxmesifiioHi systems 
(L@., ss^&dliat^) dM<3r i&om disMbiistioiQ d^c@s of g[nQ>i!2SMil''bsis©d GOsmiU!m&e©^]ni 
15 sysagEffis m wo mys, 

Smil, ssisdMsss my iiii(0€ §3ir^^ Forsm- 

fS&iiaSs gsogss^siMcM ms^ m& ^ oumbsr (of sanbsmbs^ sesm by & sasdli^ may vssy 
dsasmsis&Illy Gh@ Gbsmgifflg jbesiskm of ^ ssissUnse. 
2 0 S@oossd9 illhi@ s^swross of sfiS@lfi£@ osltalair dis^bsidoiiE d@VBC@s MgMy 

ooQtffim &s Ifiimch. Adldisiosialyo s^^sxspss is^ dlMcusl^ to mssms^ or s^plemsh dia© to 
l&g s^gmoE@&i@ss of tiit@ ssiselit^. AGsandangly, @8cb saseUiE© may hm^ a compk^y 
dM@s^s s^a of md mmtsmm fiom ©visgy osbesr sa£@Uis@o asd ^@ ov@saU msQ of 

25 tesysJOTEoayiaevesfs^pgaK. 

Ad@qiME@ s^iM^ ma^g©m@fliE d@p@sids oia a mbmt psdicidos! of subscribsr 
ts^c ^Ihfcfe Eh@ ssxelites ^yiM ©acomter. Smh a p^csion would allow Ehe 
(SommmaicadoB system fio teowl@sIgeably limit Sfsbsmbss* siscess over a particislar 
segioKS wMle still psovidiag acceptable ssmce to the s^giomi and other geogmphioal 

30 aseas over wMch satellite smbsegiisently passes. 

H&us, whaE as saeeded is a method ssiid apparatus for predicting subscriber tra£5c 
demand for a commiiimcasion ^stem so that dse resources used may be controlled in a 
manner to aUow the system tio handle subscdbertrafScef!icien%^ IPsirticularly needed 
is a system and method for psedicting subscriber traffic desnand for a satellite cellular 

35 communication system oontaining limited, dyEiamic resources where subscriber traffic 
demand varies. 
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psefesxed embodimsm of due ps^ssmt saveatimi; 
5 MG. 2 iUimmes si om&pmAm of gase^y s and a system oosifirall segoffigsiE iin 

WQSssdms^ mfih a |as^€ss@d ©sioli^odsssssis of da@ pffsssnt invesisioQ; 

MS. 3 shorn a blods dsagsasss of a simmsy m wsasSm^ wMn a psoSsmA 
&satQ^Smsm of dbe pesent usv^atioai; 

MG. 4 shows a block diagmm of a subscribsr mdi in aooosdanoe with a 
1 0 p®fesmi smbodimsM of she p©§@n^ iiQiv@si£ion; 

HG. S shorn a biod: diagsamof a^telM^ m accordance apsfesnrsd 
@saibodim@isit of ^@ psosmt imw^^^m; 

MG, 6 MSiiasfiraiJes a IBowchaifS of a ssaeiiiod of opgrasang a commimkaxion sysiJ^ 
1b®ssd on a usisi^ psedicidon m Sissostdiancs a {ssefessiad ©mbodisoen^ of fih@ psiesent 
15 Mvendon; 

HG. 7 iUnmsases a lOiowchisni of a sne&od of g@n@£a^g a m£Sc modd m 
accordance ^tii a ps^issfsed embodsmsnt of 1^ pi?@s@nt invention; and 

HG. S iUusts^s a gss^h of she nimibes'of niisess in aceli vemis nhe psobabiM&y 
of essceeding an allocation detemsinedin accosdance wish a ps&Ssmd esnbodimeBssof 
20 She psesent invention. 

""Gall Dasa IRecoM" (CDR) means a secosd of tiss^ of call setup and conc^letion, and 
25 sisbsmbe^EMiit location. 

"Ga^way (GW) Bsseans an ©qmpsnena facility, i^ically gsomd-based, wMch is 

cspable of in^adng a Ga^ay Gsoisnd Commiamcation SMion (GW<>GCS) 
(and Ohus sa^elM^s) with gsomnd-based egnspment snch as, for esumple, a public 
switched telephone netwoffls (PSTH). 
30 "Gronnd Gomsniismcation Station"^ (GCS) m^ns a tes^sestrial conmunication facility 
c^)able of inteafadng gsonnd-based ©qniptnent (e.g., a Gateway or Syst^ 
Gmtsol Segment) witii one or mose satellites. 
"GW-GCS" means a Ground Communication Station (GCS) associated with a Gateway 
(GW). 

35 "Location Asea Code" (LAQ means a vahie (e.g., a number or letter) which uniquely 
identifies a particular location asea (or segion). 
"SCS-GGS" means a Ground Communication Station (GCS) associated with a System 
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''Siabssdbsf Umf (SU) iq]£3Ssss sua SK&divadiiial Gossamnaic&id^ tiesmiiQal wMd& 
5 ''Sysssm Cbiagsiofl Segsiossir (SGS) & wmtA fsdlQfo sjfpksilly jpx»9Qd-b&s@d, 

which to^ace mtfii die cosmniuiicaticm syssessx 
10 )[^RiBiiill^^ 

15 @flld@sndy. AcDosAgiy^ iist^ aatisqstffiSe^ 

aUosas@dasE^s^3^3yiss^ Hf a sybssriterfiaffic prediction is 

maccusasdy Mgh (as*, a psSicted higtHlesMad asi^ actisaUy @s^^essi^ a low 
(dl@s2aa^9&€aifi@@ss^^ Of 

20 d!@sMQd,siifa®CEibsssfis»iyk@demeda 

HO. 1 illusiiirail33s a sas^^b^^ csUisila? commmiicatioH^ system 10 m 
accQ£daEC@m^ap^f€s:s^(^^ GDiisomimcatioias 
system lOisdisp@s^0V€r,afldsi2£^^ 
25 gai{©laSi3S 12, 

SagelHses 12 ©scs^^y osfeits 14 ehax issay low-@sxth osbitSp mediraa-@aif^h 

geaeffally m m alticaM© of appirasimaxely €00 tana to 2CII0 tasa^ mgdiom-eaxtfe orfsite 
escBsr ai^ a^p^sdsmiiisiy 2000 tas ^ 20,000 Jlsm, asid g@osyachsoEBOUS osbiEs osctsr at 

30 s^pDsdmii@iy429ll6Sta2a»bm(C^e^ SaieUit@s 12 opssats as 

disssibsstira devices for commmiication system 10, and coioomimicaie vsnjS^ ttessesidal 
©quipsszent which may be any number of gadio-communication Subscriber Units 26, 
System Oonssol Segment Ground Communication Stations 24, or Gateway Ground 
GoQEununication Stations 30. 

3 5 lb& Subscriber Unit 26 (SU) shown in HG. 1 may be, for ems^le, a hand- 

held, portable ceUular telephone adap^ to nsmsmit subscriber data to, and seceive 
subscriber data i&om satellites 12. An SU 26 may also be a facsimile device, pager, 
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OosairolS@sm^K28)^£h€fiiieQrB!i^ HG. 1 shows Gsi^myGCS 30 

5 (0W«<3CS) gissod@si^ wifih Ositusmiy 22, md Symm CmmA S&smsm CSGS 34 (SCS* 
GGS)sss!adafi@dwyiESys^ODfflli^^ SCS-GCSs 24 desisaMy 

data ersmfer, m& td^snisi&y. Qua^d^s^ sssd cmmA fmsi&m& for the cosmisnsisioiii 
gs^t@sE2. OW-OCSs30d@sanKblypsdbmiidfi^ 
Ga^mys22. 

10 A "Qmoimy'' 22 (GW) is m (sqv&pmmt fmSky, ^ypksSly gstoysmd-b^^ssd^ wMeh 

is ©stable of iBusgsl&adfiag GW-GCS 30 im& ikm msMm 12) mEh jp^imd<-1bas@dl 
©qmpmssnK sioieh as, for @ssasx^!@p a prabSie smtdisd i^l@phos3i@ Bi@mo?& (IPSTH), 
sho^. GWs 22 deskably pssfoinQOi asSl p^essmg fmcdom m conjimction mth SUs 
26, i^girs^sdal t^Isphoiniy @qmpa2@siiS (TIB) (@.g.o IP^STN @q|m]pm@m), md sai^^s 12. 

15 (QW^ 1^ (orymmiuiCTiiiegte ^t^lhi tthe mast commtmiic^lrfi(ftini ^ttem HO mgi OWoQC^g gO. 

GWs22ini@sdnoth@Go*lo^£@dwi&GW«GCSs30. GWs 22 asig p3f@s^ly mupM ^ 
GW-<3^s3Om]laiad-lii@s»alfih0ug|K^ In an alt^^aafiive 

©satedimsiQtp GWs 22 my h@ eoss^ed so GW<-GCSs 30 via fibsr opsio liaks, sadio Miaks 
o(th€? lisfSKmndsskm Msdia. 

20 A "System ODsxKroii Segm^t'' 28 (SCS) is a waml &dliQfp Really grouisid- 

has@4^hichconiirok(D2{@safi^ SCS 28 oommsimeasss 

wish ih© Best of oommmicadon system iO m SCS-GCS 24> SCS28si@edsiotteoo>- 
]losatedwithSCS43GS24. SCS28ispi3feirablyoQQ2ptedmSCS-GCS24via 
Haes, alEhotagh this is mt os&m^&sL M m ai^emadv© ©mbodim^^ SCS 28 m&y b@ 

25 GOiipkd ^ SGS-GGS 24 via iSbss* opsic liHiks, sMio Ms&ks or o^er i^mxEsmissio^ media. 

(My ome each of GW 22, SCS 28, SU 26, SCS-GCS 24, and GW-GCS 30 is 
shown in HG* I for clarity, and @as@ of mi€^^anding* AdditionaUy, OEdy a f@w of 
sat@Ms@s 12 aire shown. Hhoss of sMll in tih@ a^ will iimdesstand bas@d on 
d@smpd([m mase or fewer system nodes may be desirable, depending i^n she 

30 needs of the oommnnication system. 

FXG« 2 illustrates a ODnfigismicm of gateways and a system control segment in 
accosdancewitfaapsefessedembodinae^ Inapsefessed 
embodiment, GWs 50 collect traffic data cotxesponding to subscribers serviced by each 
GW SO and transmit the traffic data to SCS 52 over links S4. This information is used 

35 by SCS 52 to create a sub^ber traffic psedictiooL In an alternative embodiment, each 
GW 50 performs calculations necessary to create Ae subscriber traffic prediction and 
transmits the result to SCS 52. SCS 52 uses the subscriber traffic prediction to control 
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(SoiGsimHik^ mEioi so SX m gSaowsi bjf l-n mm^isix^ mah @DeIhi GW SO. 

MG. 5 ^kmfz terOWs SO9 hc^s^sssos^ (Q3rf@^f@ff OWs SO my b@ isi^ lis ^(cmM b@ 

dteeaffinks. S^@ss@sii^iIepM8a&sS4my(0^ 

©mbodiss^E of fiibi@ p^s^^ kv€adoE. GW 60 desisnbly mcUss GW si^sMsstt 
10 (5(mm})M(gr62eOTpl©d toKTO PSTN-tiyjp© so© 64 my ©oxmect 

GW 60 a FSTNo m fmssmJ&m^ mitidimg Cismss (KSQ, w moi^sir msmo^ te^ 

62nsdn3)<DDi!^Mi^GW43GSM^g!r^^ GW6O<S0&mBimicaii©sm^^i?3S£^^ 
sy@S@m ^ GW-GGS m^©irf&c@ la suni sltgsroiM&v® ©rnbod^ 

15 sddiaioiQsllly mdlBBd© GW s^ddleas msmosry 68. 

FIG. 4 Amf^ a Maask dkpiim of & sabscribssr ismt (SU) m gicrasdsno@ & 
pefeK^@mkodmsmofth@p^^ SiibssrilbsriamtTOm&y b@@iA@?a 

mtioflimy(OPSimdbal@oom^ SubssdbsriimisTOdesiirRbl^ 
asusssBQA 72 coupled l!o SU tssmsooitser 73, &nd SU xeoeiveir 74» ^Mda ss@ sss sum coupSed 

20 tt>ooEsamiao&scsiSEOsi8pp^^ Sut»crib£ruidt70fimBSiQQiitSras^ 

dsgsig idss^tificadm mfosmadosiiv and system dasa okoush SU mmssimtJS^ m& SU 
seosaves* 74^, stsspssiSvdy . 

GommusikiiiiDsis proses^ 75 is coupM te) SU s^sMesit sssssmsy 76. 
OimmuMC&Kiosis pmosB^ 75 omwols^ md msmpvAims da^ (@.g.o voic© dssa) 

25 GDmmumcss©d so, Md &tom sialb^ Ps^ of ah@ Gommimi^oios pmsessos's 

osm^l sask k m whg&er subscriber um^ 70 msy make a "call** on 

(SoamQumcsitioii^ sys^ 10 (HG. IX if subscriber unit 70 m&y mskQ a caU» ^bat 
communicaKion channel subscriber unis 70 may us§. TMs evaluation depends on 
access, and channel infosmation broadcast by a satellite 12 (HG. 1) which is seceived 

30 by subscriber unit 70 throu|^ SU seceiver 74. 

HG. S sho^s a block diagsans of a sateMte in accosdan^ 
embodiment of the present invention. Satellite 77 desirably includes satellite cross-link 
antenna 78, ^itellite down-Mnk antenna 87, and satellite subscriber antenna 83. 
Although only one satellite csoss-link antrum 78, satellise do^-link antenna 87, and 

35 satellite subscriber antenna 83 are sho^ in HO. 5. more than one of each type of 
antenna snay esdst on board satellite 77p or one oa* more of the antennas may be 
combined. 
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coi!spl@s3 m miMtQ wMem emts^bsff 92, yMdk is ooiispM to ssfisMie sissyegae messm^ 
1 ) bjf 3se@Iltt@ 77 ttensgBi s&sdliiis do^-U ssis©^ 879 siandl dbm^lioik st@93iiv€S* SO, 

siabses5&3f mit 26 to ©o>i2Qi2aiimfeaiie mfife ^ sasellaii© 77. 

inssSdeae ©DaaE5tD>M©f 92 &mmh in3iil»(tog (oip^idoBi off safieffic© 77. ITMs 

15 st^sMess isoei^^ SssdUt@E©SBd@fflfi@mtsQtl^ 

SsseUite 77 isSm desksbiy saclydes ssssffis© solas* pagads % eoupled m safiglMa© 

20 b»£2edes98. SaiisM^bassi3d@s98as@6otspS@siltooas^ 

sas@Iliii@ sessdesi^ mssmy 94^ sas@Ms@ stsddssafi eosa^Us? 92» os^ansmits^ss 80p 84, 88p 
amd s^dvss^ 82, 86, 20. 

HG. 6 MiBSS!ms@s si So^hairit of a ssagiii&cd of opsmd^g a oDsmauuniiisadosE syss@m 
hssod on a msMc ps^c&on m acconSasace a ps^snnsd smbodisssgas of ^@ ps^sat 

25 mv©EitioHa. The psi^cdve sysiiem opssasioia pso©©ss feggam m step SCO miiSa ©olllosK 
emMc dam §s@p 1102. ThQ coMga E^aMc dam i,tsp 1012. dsmsmms a toMi^ of osH 
ssseis^ts dimsig a pastaaiik2r dm@ m^gs^ai 01 Sh@ s^ac© of @anh. The toMisy of 
6aU attempts isaclisdes <sals wimh wes® si^ceessiPcdly €omaees©d as wel as (sali a^iiig&K^ss 
t£ha{{ ^@E@ biosked bssame a smMdeiait gamabsirof daaasi@is ^ese saot available. Isa a 

30 ps@&s?ed€mbodameQ^ tiae to^Qrof call as^ssspssssdetsmaiiaed by evaliaadsag CMl 
Data EeooEds (GDRs) which dcsas^ly stscosd a call's ssars time, s^ tisxse (osr dumiosa), 
aM Aelocatioaof shesubscdbsrwaitassomes^ The location of dae 

subscdbe? naaait is dessssbly desemaioed tasing geolocatioaa devices accessible to t!he 
sabs^besr sasait. Alteraatively, tiae location ssaay be soaighly detemaiaaed based osa tiae 

35 ceUinwMchlthesisbscdbermai£isloca^aEapasticda?ti^ The coUecK traffic dasa 
ssep 102isdesisablypefffomaedi]iaGW& AswoisMbeobviomtiooHaeof sEdlliaatiaean 
t»sed on tiae description, the particular metiaod of collecting ErafSc daaa as ml 
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€sie@3d!@dl dmsig sysi!@m a^sssa&mL TbQ ^msm^ m£Bi& piosess 1104 u d@simMy 
d@sssafe©dl M m ^m^^is!&m HQ. ?• 

sMcssisioM t&Q) ©sch As woiiiM otmous to we of ^dffl m Elbe sst b&£@d am Ehe 

15 d@smpd(Qa, if odllhidfis'de^ ©s@ lased iaast sysE©EX!« ssep 105 mmld 

SI pressed essabodisso^Kp & s&E^se allows sisbsGribsr vmz sggsss lop so d&@ chsKmei 

sUossdoaiv m& dsssies 8!09@ss no subsssBbs? m&ts sequesfimg ohsssods whkh exceed She 
20 diaoaod dlosaSBOia. M@fflMt@s8BiEsv@@mtodkQ^ 

msssage no si QWwSCB "^hm ^tiesHs nmge spgrosidies or esso@^ chaioael 

sllocsdosi. Th© pomSose esdts m ssep 112. 

HG. 7 ffliosm^s SI iSo wdas^ of a method of geaiesMmg a mS&o sssodd m 

imssdmo3mEhsipt3f(^:ii€d@^^ The ges^es^ smMc 

25 mdei po^s h^0m m mip 120 m^h fihe sissomfi© mss% wiEh elemesaml ax©&s 

122. Ilisis&ep 122oSps!^ei^6eiI&sdesGd 

(AO^^^iiidisepesesiitelems^ Foremx^lepssi 
demeaM@s©aAiimy li^OJdegseesMEssdeb Each 
individiaal nsef may be located lio an aora^acy which allows she ias@f to be allocated to si 

30 particialairelemegstaiasea. Fos* @ssascq>te, the liise? may be located issing a gra^ 
device or mediodology. 

As described ht ccmiiessaoai with HG. 6, each gateway de^sably compiles a 
listing of &e nismbes* of users OncliBding both con^ileted and blocked calls) widun each 
elementalaseawhichthegateway services as a fmcEion of time Withthis 

3 5 infomiation, tthe mean nismbe? of isises^ may diien be calcB^ted for a periodic or 

aperiodic time incsement For @ssasx^le» ^ m^ean nwnber of sssers may be calcula^ 
on an hourly basis, sesulting in an appso^dmation of the usage fcs^each incresQent each 
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hour. The mean number of usosniay be calcukted by dthtf 

SCS as would be obvious to one of skill in the an based on the descr^don. 

The fly cells over demental areas stq) 124 is then perfoi^ Thisstep 124 
^tenmnes the locatkm of a particular cdl at a point in tizne of a fu^ 
5 and associates the oeUwidi die denaentalaxeas which the ceUwiU be ser^ 

pointintime. In a satelUtesystm where celktravdt die time increment may be soooe 
fiacdon of die time it takes for a cell to travd one cell widdL 

Afi»siep 124, die predict nrfrast number of users within a cell at a particular 
timestq) 126 is peifonned» which generates a statistically n>bust traffic prediction for 
10 eachcelL The traffic prediction corresponds to the demental areas associated with the 
cell at the future point in time. The traffic prediction is determined as follows. Krst» 
the cdl area is given by • 

L 

cdlareae (J ^1 (Eqn-D 
i-1 

The probability that diere will be some amount of calls ongoing in the 
15 particular cell (assunung a stationary solution exists) is given by Eqn. 2. 



20 



ki 



whoe p' is die isobabiti^dittdieie are k ongoing calls in the aieaA|, 
k 

p,(t.e,.«t>,) - 1 LJ (Eqn.3) 

wiA X|(t.6|.^|) being die call arrival rate at time of day t and kication 6 1 
andi> is die service iBie (rate at wMch channels are used). 

If X is a random variable doujting the number of calls in progress in the cdl 
area darned in Eqn. l,dien 

L 

X« J|X| CEqn.4) 
U1 

where Xi is a random variable denoting the number of ongoing calls in area Ai. Since 
die Xi are independent Poisson distributed variables, X is also Pdssm distributed. 
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Thus. X is Prisson distributed wiA paramMiter ^" P 



l»1 

The mean ami stawlaxd deviation to such a process is wdl known. Thus, 

1.1 lui 

Step 126 predicts a robust number of users within a cdl at a particular time by 
using the nean and variance as a function of time of day, L The robust number of users 
0.e., the aUocadon) Kij(t) rqpresents the alloted traffic which a eell is prepared to 

service at timet, where i and j identify a paiticdarcdl. For example,! is desiiabfy die 
oeUiinmba>widun an ocbital plane and j is the ortntal plane number. Thenninberof 
Ofbitd planes ami oeUswidiin a plane are not intqKntam to the present invention. Thus, 



«1 M-1 



where "a" is an arbitnuy number. The genenue ixafilc model process then exits 
in 8^ 128. 

FIG. 8 illustrates a giq)b of the number of users in a cell versus the probability 
of exceeding Kij, detennined in accoidance with apreferred embodiment of the presrat 

15 invention. A value of 4 was used for **a" in Eqn. 13. The graph 134 shows die 
probability that the number of users in a cell exceed for values of 

L 

1 S J] P,(tre|,«|) ^ 100 

The graph 134 shows that the probability of exceeding Kij is less than 10*^. 
Thus, the invention provides statistically mbust traffic. 

20 In sunomary, an inqnoved method and apparatus for modeling traffic within a 

communication system has been described which overcomes specific problems and 
accomplishes certain advantages relative to prior ait methods and mechanisms. The 
method and i^paratus provide for robust and conq)utadonally simple predictions of 
subscriber traffic for satellite systems where such predictions are critical for accq)table 

25 management of limited system resources. 

While a preferred einbodiinent has beat described in terms of a satelUte ceUu^ 
telecommunications system and method, tiiose of skill in the art will understand, based 
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on the description, that the system and method of the present invention axe not limited 
to satellite cellolar systems, but may apply equally well to other types of multi-nodal 
tdeoommnnications systems whose resource management is impottant Forexanq»le» 
the system and method of die present invention may apply to a trunking radio system 
5 which time shares radio channels. 
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CLAIMS 

What is claimed is: 

5 1. A meihod far oontioUing access of Gommanication units to commaiiicatim 
^antiftiiR in a commonicatioii ^stem» tfie mediod coflaprising the steps of: 

a) dividing a surface which emanates signals from die communication units 
into elemental axeas; 

b) collecting traflBc data d^mihing past communication channel usage by the 
10 communication units located in the elooental aieas; 

c) geneiating a traffic model based on die traffic data; 

d) determining channel allocations based on the traffic model; and 

e) allowing access to the communication channels based on the channel 
allocations. 

15 

2. The method as claimed in claim 1, wherein step b) comprising the steps of: 
bl) determining call attempts during a particular time interval; 

b2) detemuning the deniental areas in which the communication units making 
die call attempts axe located; and 
20 b3) collecting the traffic data as a totalis of die caU attempts for each of die 

elemental areas during the particular time interval. 

3. The method as claimed in claim 1 , wherein step c) is comprising die steps of: 
cl) determining past numbers of calls within the elemental areas during past 

25 time increments based on the traffic data; 

c2) associating locations of cells at future times with sets of the elemental 
areas; 

c3) predicting estimates of future numbers of calls based on the past numbers 
of calls and the locations of cells; and 
30 c4) generating the traffic model based on the estimates of future numbers of 

calls. 
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The method as claimed in claim 3, wherein the communication system having 
satellites which project the cells onto the surface, the method further comprising 
die step of transmitting die channel allocations to die satellites. 

A mediod for contndling access of communication units to communication 
channels perfcraied by a satellite, the method conqnising the steps of: 

a) receiving channel allocations which have been calculated 1^ dividing a 
surface which emanates signals from die communication units into 
elemental areas, collecting traffic data describing past communication 
channel usage by the communication units located in the elemental areas, 
generating a traffic model for a future time interval based on the traffic 
data, and detemiining the channel allocations based on the traffic model; 

b) storing the channel allocations; and 

c) allowing the communication units to use the communication channels up 
to die channel allocations during the future time interval. 

A naethod of accessing ccmimunication channds perfmned by a 
commuitication unit in a communication system, the method conqnising the 
stqisof: 

a) attenqiting to use a communication channel provided by a satellite; and 

b) using the communication channel when use would not exceed duumd 
allocations stored in the satellite, where the chaimel aUocations are 
calculated by dividing a surface which emanates signals from 
communication units into elemental areas, collecting traffic data 

25 describing past communication channel usage by the communication units 

located in the elemental areas, generating a traffic model for a future time 
interval based on the traffic data, and determining the channel allocations 
based on the traffic model 
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7» A method for oontiolling access of communication units to conmuinication 
^hnnwrfg in a communication system, the method performed by a control 
facili^ and comprising the stq>s of: 

a) dividing a smfiice which onanates signals from the communication units 
5 into eleoiental areas; 

b) ccdlectfaig tiafBc data desoiUng past conamunicatim channel usage by the 
communication units located m the elemental areas; 

c) generating a txafiBc model based on the traffic data; 

d) detemoining channel allocadons based on the traffic model; and 
10 e) transmitting die channel allocadons to satellites which provide the 

cormnunication channels and allow access to the conomunication channels 
based on the channel allocati o ns , 

8. A satellite comprising: 

15 a down-link receiver for receiving channel allocations which have been 

calculated by dividing a surface which emanates signals from 
ccmmiunicaticm units into eleoiental areas, collecting traf^ 
descrilnng past communication channel usage tyy the communication units 
located in the demental areas, generating a traffic model for a future time 

20 interval based on the traffic data, and dttenitiningihediannd allocation 

based on die traffic model; 
a controller coupled to the down-link receiver for conforming access to 

communication channels according to the channel allocations during the 
future time interval; 

25 a transmitter coupled to the controller for providing the cormnunication 

chaimels to the communication units; and 
a memory device cotipled to die controller for storing the chatmel allocations. 
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9. Acoximianicationtiiutccmqirising: 

a processor for auen^dng to use a oommnnication channel provided by a 
satellite, and using die communication channel when use would not 
exceed channd allocadcMis stored in the satellite, where the channel 
5 aUocations have been calculated by dividing a surface whidien^ 

signals from communication units into elemental areas, collecting tiafiBc 
data describing past communicaticm channel usage by die communication 
units located in the elemental areas, generating a trafiSc model for a future 
time interval based on the trafiBc data, and determining the channel 
10 allocations based on the traffic model; and 

a transmitter coupled to the processor for transmitting location information to 
the satellite when an attenqit to use die communicadon charmel has been 
made. 



15 10. A control facility conq[nising: 

a controller for dividing a surface which emanates sigiuds from communication 
units into elemmtal areas, for collecting traffic data describing past 
comnuuiication channel usage by the communication units located in the 
eleipgntfti areas, for generating a trafBc model based on die trafBc data, 
20 aiid for detenniiiing channel allocatioiis based on the traffic riiodel; and 

an interface unit coupled to die controller for transmittfaig die channel 
allocations to satellites. 
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